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(57) Abstract 



A compound of formula 
(I)» or pharmaceutically 
acceptable acid addition salts 
thereof, wherein Ri is H, 
(Ci-Cs) alkyl or haloalkyl or 
hydroxyalkyl, alkenyl, alkynyl, 
cyclopropylalkyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl; R 2 
is H, (Ci-Q) alkyl. alkenyl, 
alkynyl, cyclopropylalkyl or 
(Ci-C 8 ) haloalkyl, hydroxyalkyl, 
hydroxyalkyloxyalkyi or 
1 -(alkyl-2-imidazolidinone); X is 
NH. NR|, O. S, SO, SO2. The 
compounds of this invention 
possess affinity to one or several 

receptor systems, e.g. DA (D1-D4), al, muscarinic (M1-M4) and 5-HT (5-HT2A, 5-HT2C and 5-HT7). The central nervous system 
disorders to be treated with the compounds of the present invention include psychoses-schizophrenia, autism, Tourette's syndrome, restless 
legs, Huntington's chorea, motion sickness, nausea, vomiting and severe anxiety. 
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salt, in association with a pharmaceutical^ acceptable carrier. The use and administration 
to a patient to be treated in the clinic would be readily apparent to a person of ordinary 
skill in the art. 

5 In therapeutical treatment the suitable daily doses of the compounds of the invention are 
from about 0.1 mg to 2000 mg for oral application, preferably 0.5-500 mg. and 0.05 mg 
to about 1 00 mg for parenteral application, preferably 0.05-50 mg daily doses. The daily 
dose will preferably be administrated in individual dosages 1-4 times daily and the dosage 
amounts are based on an individual having a weight of 70 kg. 



to 



The compounds of Formula 1 of this invention, wherein R, is H. <C,-C 8 ) alkyl or haloalkyl 
(e. g. CF 3 (triflates) and CF 2 CF 3 ) or hydroxyalkyl. alkenyl. alkynyl. cyclopropylalkyl. aryl. 
arylalkyl, heteroaryl, heteroarylalkyl; R 2 is H. (C,-C 8 ) alkyl, alkenyl. alkynyl, 
cyclopropylalkyl or CC r C 8 ) haloalkyl <e. g. CH 2 CF 3 CH 2 CH 2 CF 3 , CH 2 CH 2 F. 
is CH 2 CH 2 CH 2 F), hydroxyalkyl. hydroxyalkyloxyalkyl (e. g. CH 2 CH 2 OCH 2 CH 2 OHj or 1- 
(alkyl-2-imidazolidinone) (e. g. 1-(CH 2 CH 2 -2-imidazolidinone> and 1-(CH 2 CH 2 CH 2 -2- 
imidazolidinone)); X is NH, NR,. 0. S. SO. S0 2 , display binding affinity at the receptor 
systems: DA (D1-D4). o1. muscarinic (M1-M4) and 5-HT (5-HT2A. 5-HT2C and 5-HT7) in 
mammals including man. These compounds are particularly effective atypical anti- 
20 psychotic (anti-schizophrenic) agents. Other uses for these compounds include autism. 
Tourette's syndrome, restless legs. Huntington's chorea, motion sickness, nausea, 
vomiting and severe anxiety. 

The compounds of this invention also have high oral potency and a long duration of 
25 action. 

The utility of the compounds of this invention to treat central nervous system disorders 
can be shown in behavioral and biochemical activity in rats. 

SO Fftert on DA r»l»*«» in rats measured hv microdialvs* in freely moving animal?. 

The biochemical effects of the compounds of this invention can be monitored with the 
microdialysis technique in freely moving animals (see under Experimental Section below). 



35 
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Monitoring potential cata lepsy in rats. 

The propensity of the compounds of this invention to induce catalepsy was measured in 
rats, who were placed temporarily on a vertical grid (see under Experimental Section 
5 below). 

Monitoring of potential inhibition of locomotor activity in rats treated with Aoomorohine or 
Amphetamine. 

to The ability of the componds of this invention to reduce the Apomorphine or Amphetamine 
induced increase in locomotor activity was measured in rats with motility meters (see 
under Experimental Section below). 

Experimental Section 

75 

Syntheses 

Starting materials (the corresponding phenols) for the claimed target compounds may be 
obtained by the methods known in the art. 

20 

% H and 13 C NMR spectra were recorded at 200 and 50.3 MHz. respectively, on a Varian 
Gemini 200 spectrometer. CDCI 3 was employed as the solvent unless otherwise stated. 
Chemical shifts are given in units (ppm) and relative to TMS or deuterated solvent. IR 
spectra were obtained on a ATI-Mattson spectrometer. Elemental analyses were 

25 performed in the Micro Analytical Department of the University of Groningen or at other 
approved laboratories. The chemical ionization (CI) mass spectra were obtained on a 
Finnegan 3300 system or a UNICAM Automass 150 GC/MS system, equipped with a 
UNICAM GC, 610 Series. Melting points were determined on a Electrothermal digital 
melting point apparatus and are uncorrected. Specific optical rotations were measured in 

30 methanol (c = 1.0) at 21 °C on a Perkin Elmer 241 polarimeter. 

All methoxylated starting compounds were prepared according to the literature 
procedures. 10 ' 18 ' 21 * 33 ' 34 Chemicals used were commercially available (Aldrich and/or 
Sigma) and were used without further purification. 

35 

Parts of the synthetic methods, not necessarily the preferred route, for forming the 
sulfone esters from the corresponding phenols are exemplified in Scheme 1 : 



Scheme 1 




o 

V N 

\ 

R 2 
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syifrhif ^nino mat e rial* either the phenols Qf ihg QMe-analogues, whiph pan t?e 
H ft? n, Y l ?! e rl tn the corrp^nnndinQ p h enols with e. Q. AICU in ethylmercapiane 3\ room 
tem p erature, for this invention are known: 

5 2-Hydroxy- 1 1 -(4-methyH -piperazinyll-5H-dibenzoIb r eH 1 ,4)diazepine; 2-hydroxy-8- 
dechloroclozapine; RN 1156632-07-4] 

H 




CH 3 



;5 

2-Methoxy-U-(4-methyl-1-piperazinyl)-5H-dibenzolb,e)[1,4ldiazepine; 2-methoxy-8- 
dechloroclozapine; RN (95316-97-5) 

H 



I 



20 




o 

X N 

\ 

CHj 

2-Methoxy-l l-(4-methvl-1-piperazinvl)-dibenzolb ( f]t1.4!oxazepine; RN 113745-79-41 



30 



35 
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2-Methoxy-1 l.(4-methyl-1-piperazinYU-dibenzofb,f|[1,4Ithia2epine; RN [13745-79-4) 



The following intermediates, useful for the preparation of compounds of the present 
invention are known: 

75 

2-Methoxy-dibenz[b,f H 1 ,41oxazepin-1 1 (1 OHI-one RN (60287-33-4) 35 
2-Hydroxy-dibenzIb,fH1,41oxazepin-1 1H0H)-one RN 160287-08-3 1 3B 
20 2-Methoxy.dfbenzolb r flI1.4]thiazepin1 1(10H)-one RN 131 58-77-8J 36 ' 37 



5 




OMe 



to 



\ 
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Scheme 4 

ci CH0 
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Scheme 5 




i) POCl 3 , toluene 
reflux, 4 h 



ii) NMP, reflux 
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Synthesis of 2-Trifluoromewanesulfonyloxy-11-(4-methyl-1- piperazinyl)-5H- 
dibenzolb.eH1,4ldiazepine (12). 

2-(2-Nrtrophenynamino-5-methoxybenzoic acid (3). A mixture of 5-methoxy-2- 
5 aminobenzoic acid (1. 6.68 g, 40 mmol), 2-bromo-nitrobenzene (2, 8.08 g, 40 mmol) and 
10 mL of amy! alcohol was heated to 80 °C with stirring. To the homogeneous solution 
was immediately added copper powder |60 mg) and K 2 C0 3 (5.7 g). The reaction 
temperature was increased in order to distill off the water generated in the reaction and 
the amyl alcohol. The reaction mixture was then kept at 210 °C for 3 h. After cooling, the 
reaction mixture was quenched with 200 mL of water and 100 mL of 4 N aq HCI at room 
temperature. The precipitate was removed by filtration and the solution was extracted 
with ethyl acetate. The organic layers were combined and concentrated. The residue was 
purified by flash chromatography (Si0 2 . ethyl acetate as eluent) to afford 6.8 g (59 %) of 
the title compound. 



to 



15 



20 



2-(2-Aminophenyl)amino-5-methoxybenzoic acid (4). Compound 3 [2-<2-nitrophenyl)amino- 
5-methoxybenzoic acid] (1.8 g) in THF (50 mU was hydrogenated with a catalytic amount 
of palladium on carbon in a Parr-shaker apparatus under 4.5 atm H 2 (g) at 60 °C for 4 h 
to afford 1 .4 g (88 %) of the title compound. 



2-Methoxy-5.10-dihydro-11-oxo-dibenzo(b.eH1.4Jdiazepine (5). Intermediate 4 |2-(2- 
aminophenyl)amino-5-methoxybenzoic acid) (3.0 gl in 100 mL of xylene was refluxed for 
40 h. After evaporation the residue was purified by flash chromatography (Si0 2 . hexane 
and ethyl acetate. 4:1 then 1:1, as eluentsl to afford 2.2 g (79 %) of the title compound. 
25 MS (El) shows M + at m/e = 240. 

2-Methoxy-11-(4-methyl-1-piperazinyl)-5H-dibenzolb.eH1.4l-diazepine (7. RN 195316-97- 
5]). Intermediate 5 (200 mg, 0.83 mmol), phosphorus oxychloride (POCI 3 ) (3 mL). toluene 
(5 mL) and N.N-dimethylaniline (0.5 mL) were combined and heated to reflux for 3 h. The 
30 solvents of the mixture were evaporated under vacuum to afford the iminochloride 
intermediate 6. which was used in the next-step reaction without further purification. 

Above iminochloride 6 in 3 mL of toluene and 2 mL of N-methylpiperazine were refluxed 
for 3 h. After evaporation the residue was taken up with chloroform, washed with 2N aq 
35 NaOH and purified by flash chromatography (Si0 2 . ethyl acetate then THF as eluents) to 
afford 214 mg (80 %) of the title compound. MS (El) shows M + at m/e-322. 
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2-Hydroxy-1 1 -(4-methyM -piperazinyl)-5H-dibenzolb,eJH ,4]-diazepine (8. RN 1 1 56632-07- 
41), 2-Methoxy-1 1-(4-methyl-1-pipera2!nyl)-5H-dibenzolb,ell1,4]diazepine (7) (200 mg, 
0.62 mmol) in 3 mL of EtSH was treated with AIC1 3 (1 .5 g) with stirring at room 
temperature for 4 h. The mixture was quenched with 30 mL of ice-water. The pH value of 
5 the solution was adjusted to pH 8 with 2N aq NaOH. The solution was extracted with 
chloroform |4 x 30 mL). The organic layers were combined, dried over MgS0 4 filtered, 
and the solvents were evaporated. The light yellow solid residue was recrystallized from 
ethyl acetate to afford 140 mg <73 %) of the title compound as fine crystals: mp 266 °C, 
with all of the expected spectra including IR, *H NMR, 13 C NMR. MS (El) shows M at 
to m/e = 308. 

2-Hydroxy-5,10-dihydro-1 1-oxo-dibenzo[b,e)H,4Jdiazeptne (9). 2-Methoxy-5,10-dihydro- 
1 1-oxo-dibenzo[b,eU1,4]diazepine (5) (600 mg, 2.5 mmol) in 4 mL of EtSH was treated 
with AICI 3 (1 .6 g) with stirring at room temperature for 4 h. The mixture was quenched 

t5 with 20 mL of ice-water and then 10 mL of 4N aq HCI. The solution was extracted with 
chloroform (2 x 20 mL) and ethylacetate (2 x 20 mL). The combined organic layers were 
dried over MgS0 4 , filtered, and the solvents were evaporated. The solid residue was 
recrystallized from ethyl acetate to afford 505 mg (88 %) of the title compound as fine 
crystals: mp 280 °C, with all the expected spectra including IR, ! H NMR, 13 C NMR. MS 

20 (El) shows M + at m/e = 226. 



2-Triftuoromethanesulfonyloxy-5,10-dihydro-1 1-oxo-dibenzo-lb,eH1 ,4]diazepine (10). 2- 
Hydroxy-5,10-dihydro-11-oxo-dibenzolb,ell1,4]-diazepine (9) (400 mg, 1.77 mmol) in 10 
mL of dioxane was treated with N-phenyl-trifluoromethanesulfonimide (800 mg) in the 
25 presence of 2 mL of triethylamine with strirring at room temperature overnight. After 
evaporation of the solvents, the residue was purified by flash chromatography (Si02, 
hexane and ethyl acetate. 9:1 then 4:1, as eluents). Recrystallization from hexane and 
ethyl acetate (10:1) afforded 380 mg (60 %) of the title compound as light yellow 
crystals. MS (El) shows M + at m/e = 358. 

30 

2-Trifhioromethanesulfonyloxy-1 1 -(4-methyl-1 -piperazinyl)-5H-dlbenzo(b,ell1.4|diazepine 
(12). Method A. 2-Hydroxy-l 1.(4-methyl-1-piperazinyl)-5H-dibenzo[b,elI1.4]diazepine (8) 
(180 mg, 0.58 mmol) in 10 mL of CH 2 CI 2 was treated with N-phenyl- 
trifluoromethanesulfonimide (300 mg, 0.83 mmol) in the presence of 1 mL of 
35 triethylamine with strirring at room temperature overnight. After evaporation the residue 
was purified by flash chromatography (Si0 2 ; hexane and ethyl acetate, 1:1; then ethyl 
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acetate as eluents). Recrystallization from hexane and ethyl acetate (15:1) afforded 200 
mg (78 %) of the title compound as fine crystals: mp 160 °C. with the expected spectra 
data including IR, 'H NMR. 13 C NMR. MS (El) shows M + at m/e=440. 

5 Method B. 2-Trifluoromethanesulfonyloxy-5.10-dihydro-1 1-ox<wlibenzo-|b.eU1,4!diazepine 
(10) (260 mg. 0.72 mmol). phosphorus oxychloride <POCI 3 ) (4 mL), toluene (10 mLI and 
N.N-dimethylaniline (0.5 mL) were combined and heated to reflux for 3 h. The mixture 
was evaporated under vacuum to afford the corresponding iminochloride intermediate 11. 
which was used in the next-step reaction without further purification. 

to 

The iminochloride 11 in 10 mL of toluene was treated with 3 mL of N-methylpiperazine 
under refluxing for 3 h. After evaporation of the solvents, the residue was taken up in 
chloroform, washed with 2N aq NaOH and purified by flash chromatography and 
recrystallized. as described in Method A above, to afford 230 mg (73 %) of the title 
is compound 12. 

2-Methanesulfonyloxy-l 1 -(4-methyl-1 - P iperazinyll-5H-dibenzo-lb.e)(1 .4)diazepine (15). 

2-Methanesulfonyl-5.10-dihydro-11-oxo-dibenzolb.el[1.4ldiazepine(13). 2-Hydroxy-5. 1 0- 
20 dihydro-1 1 -oxo-dibenzolb.eld .4)diazepine (9) (50 mg, 0.22 mmol) in 6 mL of 

dichloromethane was treated with methanesulfonylchloride (34 mg. 0.30 mmol) in the 
presence of 0.2 mL of triethylamine at -78 °C. The mixture was stirred for 1 h. in order 
to allow the reaction temperature to reach room temperature, quenched with water and 
extracted with chloroform. Workup afforded 50 mg (76 %) of the title compound. MS (El) 
25 shows M + at m/e = 304. 

2-Methanesulfonyloxy-l 1-(4.methyl-1-piper«inyl)-5H^ib«»zolb.e)l1.4Jdiazepine (15). 2- 
Methanesulfonyloxy-5.10-dihydro-11-oxo-dibenzo(b.e)(1.4ldiazepine(13) (50 mg. 0.16 
mmol). phosphorus oxychloride (POCI 3 ) (2 mL). toluene (3 mL) and N.N-dimethylaniline 
30 (0.1 mU were combined and heated to reflux for 3 h. The mixture was evaporated under 
vacuum to afford the iminochloride intermediate 14. which was used in the next reaction 
step without further purification. 

This iminochloride 14 in 3 mL of toluene was treated with 1 mL of N-methylpiperazine 
35 under refluxing for 3 h. Similar workup as described for the preparation of 12 afforded 32 
mg (50 %> of the title compound as fine crystals: mp 173-177 »C. MS (El) shows M* at 
m/e»386. 
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Preparations of 2-<4-methylphenylsulfonyloxy)-1 1-(4-methyl-1-piperazinyl)-5H- 
dibenzo[b.e)[1,4]diazepine (16), 2-phenylsulfonyloxy-1 1-<4-methyl-1-piperazinyl)-5H- 
dibenzolb,el(1,4)diazepine (17) and 2-(2-thienylsulfonyloxy)-1 1-<4-methyl-1-piperazinyl>- 
5H-dibenzo[b.eH1,4)diazepine (18) were performed by the same procedure as for the 
5 preparation of 2-trifluoromethanesulfonyloxy-1 1 -(4-methyM -piperazinyl)-5H- 

dibenzo[b,eJ[1,4]diazepine (12) (Method A) from 2-hydroxy-1 1-(4-methyl-1-piperazinyl>- 
5H-dibenzolb,e](1.4]diazepine (8), however, using the sulfonation procedure with 
appropriate sulfonylchloride. as described for the preparation of compound 13. 

to Mass spectrometry: 



15 



20 



Compound no a{ m/e 

16 462 

17 448 

18 ^54 



2-Trifluoromethanesulf onyloxy-1 1 -(4-methyipiperazino)-5H-dibenzoIb,f )[ 1 .4)oxazepine < 1 9) 
(Scheme 4). 2-Methoxy-5,10-dihydro-1 1-oxo-dibenzolb.f]l1.4loxazepine (RN [60287-33- 

35 

4]) was prepared according to the literature. 



2-Hydroxy-5.10-dihydro-11-oxo-dibenzo[b,fJI1,4)oxazepine (RN 160287-08-31). 2- 
Methoxy-5.10-dihydro-1 1-oxo-dibenzo[b.e)[1,4)oxazeptne (1.2 g) in 10 mL of EtSH and 
10 mL of dichloromethane was treated with AICI 3 (5.0 g) with stirring at room 
temperature for 6 h. The solvent of the mixture was evaporated by rotavapor at reduced 
25 pressure, quenched with 20 mL of ice-water and then 20 mL of 4N aq HCL A white 

precipitate was collected, washed with water and dried under vacuum. The product (1.0 
gram) showed the expected spectra including IR, *H NMR, and MS (El, m/z 227). 

2-TrmuQromethanesulfonyloxy-5,10-d^ 2 ' 
30 Hydroxy- 5,1 0-dihydro-1 1 -oxo-dibenzo(b,e]l1 ,41oxazepine (1 .0 g) in 20 mL of 

dichloromethane and 5 mL of triethylamine was cooled to -78 °C, treated with triflic 
anhydride (1 .54 mL. 7 mmol). The mixture was stirred for 3 h to allow the temperature 
back to room temperature, quenched with 3 mL of 50% methanol in water and 
concentrated. The residue was flashed on silical-gel column (hexane and ethyl acetate. 
35 9:1 then 1 :1 . as eluents) to afford 1 .3 g of the title compound as white crystal: MS (El) 
m/z 359. 
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2-Trifluoromethanesulfonyloxy-1 1 -(4-methylpiperazino)-5H-dibenzo-[b.f][1 ,4)oxazepine. 2- 
Trifluoromethanesulfonvl-5.10-dih Y dro-11-oxo-dibenzo-Ib ( el[1.4loxa2epine (1.0 0). P0CI 3 
(5 mLI, toluene (10 mU and N.N-dimethyl-aniline 11.0 mL> were combined and heated to 
reflux for 3 h. The solvent of the mixture was evaporated under vacuum to afford 

5 iminochloride intermediate, which was dissolved in 10 mL of toluene and was treated with 
5 mL of N-methylpiperazine under refluxing conditions for 3 h. After evaporation the 
residue was purified by flash chromatography (Si0 2 , 9:1 hexane and ethyl acetate then 
pure ethylacetate as eluents) and recrystallization <n-hexane> to afford 1.01 0 of the title 
compound: mp 1 17-1 18 °C; MS(EI) m/z 441; 'H NMR (CDCI 3 > and elements (C. H. N) 

to were analyzed. 

2-Trif1uoromethanesulfonyloxy-1 1 -(4-methylpiperazino>-5H-dibenzo-|b.f )[1 ,41thiazepine 
(20) (Scheme 5). 2-l(4-Methoxyphenyl>thiolbenzoic acid (RN 19862-91-0) was prepared 
according to the literature. 38 

is 

2-H4-methoxyphenyl»thiolbenzoyl azide. 2-I(4-methoxyphenyl)thiolbenzoic acid (14 g, 
53.8 mmol) was treated with 50 mL of S0CI 2 and 1 mL of DMF at refuxing for 1 h. The 
mixture was evaporated under vacuum and the solid residue was dissolved into dry 
acetone (100 mL). The resulting solution was added dropwise to a cooled 30 % aq NaN 3 
20 (60 mLI during 30 min. The suspension was stirred at 0 «C for 1 h. diluted with water 
(400 mL). filtered, washed well with water and dried overnight under vacuum to afford 14 
g of the title compound as a fine solid. IR and GC-MS were analyzed. Mass spectra (El) 
observed m/z at 257 <M + -N 2 . isocyanation product under GC conditions: 1 50-300 °C/10 
°C rate program) conditions. 

2-H y droxy-dibenzo l b.fHl.4lthiaz.pin.-11(10H)^n..2-[(4-methoxy-phenyl)thiolbenzoyl 
azide (1 .4 g) in 20 mL of dichlorobenzene was added to a suspension of AICI 3 (2.7 g) in 
o-dichlorobenzene (50 mU with stirring. The mixture was heated to reflux for 1 5 min. 
cooled to room temperature. CHCI 3 (150 mU was added, extracted with 4 N aq HCI (2 x 
30 50 mL). The organic layer was concentrated under vacuum and the residue was purified 
by flash chromatography (Si0 2 . ethyl acetate as e.uent> to afford 240 mg of the title 
compound. Mass spectra observed m/z at 243 (M + >. 

2-Trifl^ib.nzo^ 

3S 11(1 0H).one (1 00 mg) in CH 2 CI 2 was cooled to -78 -C and treated with triflic anhydnde 
(0 13 mLI in the presence of triethylamine (1 .0 mL). After stirring for 2 h the m.xture was 



* . 
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mixed with Si0 2 (3 mU, evaporated and flashed (Si0 2 column, hexane and ethyl acetate 
as eluents) to afford 130 mg of the title compound. MS (El) at m/z 375 (M + ). 

2-Trifluoromethanesulfonyloxy-11M4-methhylpiperazino)-5H^ibenzo-[bJ][1.4]thiazepine. 
5 2-Trifluoromethanesulfonyloxy-5,10-dihydro-1 1 -oxo-dibenzo-[b.e]H ,4)thiazepine (80 mg). 
POCU (1 mL), toluene (1 mU and N.N-dimethyl-aniline (0.1 mL) were combined and 
heated to reflux for 3 h. The solvent of the mixture was evaporated under vacuum to 
afford iminochloride intermediate, which was dissolved in 1 mL of toluene and was treated 
with 1 mL of N-methylpiperazine under refluxing conditions for 3 h. After evaporation the 
to residue was purified by flash chromatography (Si0 2 , 9:1 hexane and ethyl acetate then 
pure ethylacetate as eluents) and recrystallization from hexane to afford 33 mg of the title 
compound: MS(EI) m/z 457; 1 H NMR (CDCI 3 ) and IR were analyzed. 

Derivatives with the -CH 2 CH 2 -2-imidazolidinone and -CH 2 CH 2 CH 2 -2-imidazolidmone 
is substutuent R 2 (see Formula I). 

These derivatives are synthesized from the corresponding N-methy»-piperazine derivatives 
(e. g. compounds 12. 15-20) by first performing a demethylation with 1 -chloroethyl 
chloroformate 39 and then an alkylation with the appropriate alkylating agent (e. g. 1-C2- 
20 chloroethyl)-2-imidazolidinone and 1-(3-chloroprophyl)-2-imidazolidinone, respectively), 
refluxing over night in methyl isobutyl ketone (MIBK) in the presence of dry, ground 
K 2 C0 3 (s) and a catalytic amount of Kl (s). 1 

Pharmacology 

25 

Microdialysls experiments: Adult male Wistar rats (Harlan Centraal Proefdier Bedrijf, The 
Netherlands) were used. Until implantation of the dialysis probe, the rats were housed in 
groups of 5-10 animals in plastic cages. The rats were kept in a room maintained under 
constant temperature (21 °C> and humidity (40%) on a 12:1 2 dark: light cycle (07:00 on 
so and 1 9:00 off) with food and water available ad libitum. The rats weighed between 250- 
350 g at the time of the microdialysis probe implantation. Animal procedures were 
conducted in accordance with guidelines published in the NIH Guide for Care and Use of 
Laboratory Animals and all protocols were approved by an Institutional Animal Care and 
Use Committee. 

35 

Drugs were administered s.c. in a volume of 1 mUkg in distilled water. Sometimes a drop 
of acetic acid was added to improve the solubility of the test compound. 
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The microdialysis probes used in the present investigation were of a vertical, concentric 
design: A piece of fused silica capillary (Polymicro Technologies. Phoenix. AZ. USA) with 
I.D. 50 am and O.D. 1 15 //m was threaded through a piece of PE-20 tubing (Clay Adams, 
Parsippany. NJ. USA) 0.5 cm from the end. A dialysis membrane (8 mm) (Hospal. 

5 Meyzieu. France) with an I.D. of 250 //m and an O.D. of 300 urn was slipped over the 
fused silica, glued into the PE-20. and closed at the end with epoxy (Devcon, Danvers. 
MA. USA). The fused silica was then brought into close apposition to the closed end of 
the dialysis membrane and fixed into position by epoxy at the junction of the silica and PE- 
20. The active membrane region was 2 mm in length and the region above the active area 

io was coated with a thin layer of epoxy. After cutting the silica and PE-20 tubing 5 mm 
from the junction of the silica and PE-20. an inlet (a 25 G stainless steel needle that was 
broken at the bevel and from the plastic fixture) was glued with epoxy over the silica. The 
other end of the PE 20 served as the outlet. 



15 



The animals were anesthetized with chloral hydrate (400 mg/kg) and a microdialysis probe 
was implanted into the CPu at the following coordinates: (flat skull) AP 1 .0 mm, ML + 
2.5 mm relative to bregma, and -6.0 mm below the dura and/or nucleus accumbens at the 
following coordinates: (flat skull) A.P. 2.5 mm. ML -1.3 relative to bregma, and -7.3 mm 
below the dura. The probes were lowered using an electrode carrier (Model 1760. David 
20 Kopf . Tujunga, CA. USA) at a speed of approximately 400 pm/min and secured to the 

skull with fast-curing dental cement on three skull screws. At the start of the experiment. 
16 hours after surgery, artificial cerebrospinal fluid (aCSF) consisting of (mmol/U: NaCI 
147, KCI 2.5. CaCI 2 1 .3, and MgCI 2 0.9. pH 7.4 was perfused through the probe with a 
syringe pump (Harvard Apparatus Inc. South Natick. MA. USA). The outlet of the probes 
were connected to the valve of an HPLC apparatus and samples were collected on-line 
and injected every 15 min from a 20 (A. sample-loop. Dopamine. DOPAC. and 5-HIAA 
were quantified in the samples according to previously described methods. Before 
initiating any pharmacological manipulation, baseline samples were taken until there was 
less than 30% variation between the samples. 
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30 



Behavioral experiments: Adult male Wistar rats (Harlan Centraal Proefdier Bedrijf. The 
Netherlands) were used. The rats were housed in groups of 12 animals in plastic cages. 
The rats were kept in a room maintained under constant temperature (21 °C> and 
humidity (40%) on a 12:12 dark:light cycle (07:00 on and 19:00 off) with food and water 
35 available ad libitum. The rats weighed between 200-250 g at the start of the experiment. 
Animal procedures were conducted in accordance with guidelines published in the NIH 
Guide for Care and Use of Laboratory Animals and all protocols were approved by an 
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Institutional Animal Care and Use Committee. 

Catalepsy test: Rats were placed in a plastic bowl which measured 30 cm in diameter and 
20 cm in height. After 10 minutes, the rats were placed on a vertical metal grid (grids 1 
5 cm square) which measured 1 5 x 40 cm I width x heigth). The time until the first paw 
movement and the time to get off the grid were measured in three consecutive sessions. 
Thereafter, the rat was injected with either saline of test compound and left in the cage 
for another 30 minutes before catalepsy was retested. 

to Locomotor activity: Directly after the second catalepsy test (see above), the animals were 
transferred to a locomotion chamber (Columbus Instruments, Ohio. USA) and locomotion 
was measured for 10 minutes (referred to as exploratory behavior due to the new 
environment). Apomorphine (1 mg/kg. s.c.) was subsequently injected and locomotion 
was measured for 30 minutes after the injection. 
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Results 

TABLE 1. Summary of the pharmacological characterization of compound 12. 15, 19, 20, 
clozapine, olanzapine, and haloperidol. 
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Footnotes Table 1: Interaction with MK801: Rats were injected with test compounds 15 
min prior to the administration of 0.25 mg/kg MK801 in their home cages. Immediately 
after the administration of MK801 , the rats were transferred to a locomotor chamber 
(Columbus Instruments. Ohio. USA) and locomotion was measured for 30 min. 



Interaction with AMPHETAMINE: Rats were injected with thest compounds 15 min prior to 
the administration of 0.5 or 2 mg/kg amphetamine in their home cages. Immediately after 
the administration of amphetamine, the rats were transferred to a locomotor chamber 
to (Columbus Instruments. Ohio. USA) and locomotion was measured for 60 min. 
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CLAIMS 

1. compounds of Formula (1) 




0S0 z R t 



(I) 



15 or pharmaceutical^ acceptable acid addition salts thereof, 
wherein R, is II, (C r C 8 ) alkyl, haloalkyl, hydroxyalkyl , 
alkenyl, alkynyl, cyclopropylalky 1 , aryl, arylalkyl, hetero- 
aryl, heteroarylalkyl ; R 2 is H , (C,-C 8 ) alkyl, alkenyl, 
alkynyl, cyclopropylalky 1 or (C,-C 8 ) haloalkyl, hydroxyalkyl, 

20 hydroxyalkyloxyalkyl or 1- (alky 1-2-imidazolidinone) ; X is NH, 
NRj , O, S, SO, S0 2 . 

2. A compound according to claim 1, wherein R, is selected 
from (C,-C 3 ) alkyl and haloalkyl, R 2 is H or CH 3 and X is NH, 

2 5 O or S. 

3. A compound according to claim 2, wherein R, is CII 3 or 
CF 3' 

30 4. A compound according to claim 1, which is selected from 

2-trifluoromethanesulfonyloxy-ll-(4-methyl-l-pipera2inyl)-5H- 
dibenzo[b,e] [ 1 , 4 Jdiazepine , 

35 2-methanesulfonyloxy-ll-(4-methyl-l-piperazinyl)-5H-dibenzo 
[b,e] [l,4]diazepine. 
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2-trifluoromethanesulfonyloxy-ll-(4-methyl-l-piperazino)- 
dibenzo[b,f ] [ 1 , 4 Joxazepine, 

2-roethanesulfonyloxy-ll-(4-methyl-l-piperazinyl) -dibenzo 
5 [b,ej [1, 4]oxazepine, 

2-trif luoromethanesulf onyloxy-11- (4 -methyl- 1-piperazino) - 
dibenzo [ b, f ) [ 1 , 4 J thiazepine ,' 

10 2 -roethanesulfonyloxy-ll-(4-methyl-l-piperazino)-dibenzo- 
[b,e][l,4]thiazepine, 

2-(4-roethylphenylsulfonyloxy)-ll-(4-roethyl-l-piperazinyl)- 
dibenzo(b,e] ( 1 , 4 ]diazepine, 



2-phenylsulfonyloxy-ll-(4-methyl-l-piperazinyl)-5H-di: 
[b,ej [l,4]diazepine, 

2-(2-thienylsulfonyloxy)-ll-(4-methyl-l-piperazinyl)- 
20 dibenzo[b,e] [1,4 Jdiazepine and 

the compound having the formula 



15 



II 



25 



30 



35 
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5. Process for the preparation of a compound having the 
general formula (I) or a pharmaceutical^ acceptable acid 
addition salt thereof 




OS0 2 R, 



(I) 



15 wherein R, is «!, (C,-C 8 ) alkyl, haloalkyl, hydroxyalky 1 , 

alkenyl, alkynyl, cyclopropylalkyl . aryl, arylalkyl, hetero- 
aryl or heteroarylalkyl ; R 2 is H, (C r C 8 ) alkyl, alkenyl, 
alkynyl, cyclopropylalkyl, (C,-C 8 ) haloalkyl, hydroxyalky 1 , 
hydroxyalky loxyalkyl or i-alkyl-2-imidazolidinone ; X is NH, 

20 NR| , O, S, SO, S0 2 , wherein R, is as defined above, which 
process comprises 

a) reacting a compound of the general formula (II) 



25 



30 



35 




with 



(ID 



al) a compound of the general formula (III) 



R|S0 2 C1 



(III) 
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wherein R| is as defined above, to the formation of a 
compound of the general formula (I) above; or with 

a2) N-phenyltrif luoromethanesulphonimide to the formation of 
a compound of formula (I), wherein R, is trif luoromethyl; 

or 

b) reacting a compound of the general formula (IV) 



10 



15 



20 



25 



30 



35 




0S0 z R, 



(IV) 



wherein Rj and X are as defined above, with a compound 
of the general formula (V) 

(V) 




wherein R 2 is as defined above, to the formation of a 
compound of the general formula (I); or 

:) demethylating a compound of the general formula (VI) 

" " 0S0 2 W, 

(VI) 
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wherein Rj and X are as defined above, using 1-chloro- 
ethyl chlorof ormate and then alkylating with a compound 
of formula (VIII) 
5 Y - R 2 

wherein R 2 is as defined above and Y is leaving group to 
the formation of a compound of formula (I) , wherein Rj, 
R 2 and X are as defined above; 

10 

and if, desired, converting a compound of formula (I) into 
another compound of formula (I) , and/or, if desired, 
converting a compound of formula (I) into a pharmaceutically 
acceptable salt thereof and/or, if desired, converting a salt 
15 into a free compound, and/or if desired, resolving a mixture 
of isomers of compounds of formula (I) into the single 
isomers . 

6. A pharmaceutical composition containing a suitable 
20 carrier and/or diluent and, as an active principle, 

a compound of formula (I) as defined in claim 1 or a 
pharmaceutically acceptable salt thereof. 

7. A compound of formula (I) or a therapeutically acceptable 
25 salt thereof as defined in claim 1 for use in therapy. 

8. Use of a compound of formula (I) or a therapeutically 
acceptable salt thereof as defined in claim 1, in the 
manufacture of medicament for use in treating psychotic/ 

3 0 schizophrenic disorders in one or several receptor systems 
of the central nervous system. 

9. A method for treating psychotic/schizophrenic disorders 
in one or several receptor systems of the central nervous 

3 5 system in mammals, including man, which method comprises 

administering to the mammal of a therapeutically effective 
amount of a compound of formula (I) or a pharmaceutically 
acceptable salt thereof as defined in claim 1. 
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10. The method according to claim 9, wherein said compound of 
formula (I) or the pharmaceutical^ acceptable salt thereof 
is administered in an amount of from about 0,1 to about 2000 
5 mg oral daily dose, or from 0,01 to about 100 mg parenteral 
daily dose- 
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NEW SULFONE ESTER ANALOGUES OF iso-CLOZAPINE AND 
RELATED STRUCTURES: ATYPICAL NEUROLEPTICS. 



RflM of the Invention 

The present invention is directed toward new sulfone ester analogues of iso-Clozapine IRN 
1 977-08-81 and their pharmaceutical^ acceptable salts, to processes for preparing such 
compounds, pharmaceutical preparations of such compounds and the use of such 
compounds in manufacture of a pharmaceutical preparation. Pharmaceutical preparations 
of these compounds are useful for central nervous system disorders, such as for a 
therapeutic effect on one or several of the following receptor systems: dopamine (DA; D1- 
D4). 5-HT2A. 5-HT2C. al and muscarinic 1M1-M4) in mammals. 



Backgroun d nf the Invention 



ts 



20 



In psychotic/schizofrenic patients evidence indicates that the neurotransmission in the 
central nervous system (CNS) may be disturbed. These disturbances seem to involve the 
neurotransmitters dopamine <DA. D1-D4 receptors), noradrenaline (NA. al receptors), 
acetylcholine (ACh, M1-M4 receptors) and 5-hydroxvtryptamine (5-HT. 5-HT2A and 5- 
HT2C receptors). 1 The drugs most frequently used in the treatment of psychoses are 
considered to act by altering the neurotransmission of one or several of these receptor 
systems. The mechanism of action for typical/classical anti-psychotic drugs used to treat 
psychosis is generally believed to be through blockage of DA D2 receptors. 2 ' 3 ' 4 The 
atypical anti-psychotic drug Clozapine IRN 54241-01-9] is an efficient anti-psychotic 
25 agent 5 and binds with high affinity to DA D1 and D4 receptors and with moderate affinity 
to DA D2 and D3 receptors. 6 In addition. Clozapine binds with high affinity to or1 
receptors, muscarinic M1-M4 receptors and 5-HT2A and 5-HT2C receptors. 6 Clozapine 
has a low propensity to induce extrapyramidal side-effects in humans and catalepsy in 
rats. In addition. Clozapine does not increase the prolactine levels, something which the 
30 classical neuroleptics <e. g. haloperidol and chlorpromazine) potently do. However, the use 
of Clozapine is hampered by rare incidences of a serious side-effect Iblood toxicity. 
aranulocytosis). 6 Expensive, continuous blood monitoring makes the use of Clozapine 
tedious and expensive and the use of Clozapine is therefore limited to psychotic patients 
not responding to the first and second choice of drug therapy. 7 



35 



Several Clozapine analogues have been evaluated but. to date, no marketed compound 
with a Clozapine-like structure and Clozapine-like pharmacological and clinical profile, L e. 
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an 



analogue that is also free from side-effects, has been found. 7 



A very interesting and. for the present invention, a highly relevant fact is that the 2-CI 
isomer of Clozapine (iso-Clozapine. [RN 1977-08-811 has been classified as a typical 
5 neuroleptic agent. 8 We surprisingly found that the iso-Clozapine su.fone analogues of the 
present invention display atypical neuroleptic properties. 

intimation Disc' "^"* Statement. 
to The following documents could be important in the examination of this application: 

iso-Clozapine references: 9. 10. 11 

Loxapine references: 12. 13. 14. 15. 16. 17. 18. 19. 20. 21 

15 

Clothiapine references: 15. 16. 19. 21. 22. 23. 24. 25. 26 
Miscellaneous references over sulfonates: 27, 28, 29, 30, 31 
20 Sufonate patent application reference: 32 
c^^ry nf ^hn Invention 

This invention is related to novel iso-Clozapine. Loxapine and Clothiapine analogues of 
25 Formula 1: 



OS0 2 Ri 
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Formula 1 



35 

or 
or 



pharmaceutical acceptable acid addition sa.ts thereof, wherein R, is H. <C r C 8 > alky, 
haloalkyl (e. g. CF 3 (inflates) and CF 2 CF 3 ) or hydroxyalkyl. alkeny.. alkynyl. 
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cyclopropylalkyl, aryl. arylalkyl. heteroaryl, heteroarylalkyl; R 2 is H, iC r C e ) alkyl. alkenyl, 
alkynyl. cyclopropylalkyl or (C r C 8 ) haloalkyl (e. g. CH 2 CF 3> CH 2 CH 2 CF 3 . CH 2 CH 2 F. 
CH 2 CH 2 CH 2 F). hydroxyalkyl. hydroxyalkyloxyalkyl (e. g. CH 2 CH 2 OCH 2 CH 2 OHj or 1- 
(alkyl-2-imidazolidinone) (e. g. 1-(CH 2 CH 2 -2-imidazolidinone) and 1-(CH 2 CH 2 CH 2 -2- 
5 imidazolidinoneJ); X is NH. NR V O. S. SO. S0 2 . 

The compounds of this invention possess affinity to one or several receptor systems, e. g. 
DA (01-04). ol. muscarinic (M1-M4) and 5-HT (5-HT2A, 5-HT2C and 5-HT7). The central 
nervous system disorders to be treated with the compounds of the present invention 
to include psychoses/schizophrenia, autism. Tourette's syndrome, restless legs. Huntington's 
chorea, motion sickness, nausea, vomiting and severe anxiety. 

In a preferred embodiment, the invention is directed to compounds of Formula 1 wherein 
R, is haloalkyl R 2 is H or CH 3 and X is NH. O or S. A more preferred embodiment are 
,5 compounds of Formula 1 wherein R, is CF 3 . R 2 is H or CH 3 and X is NH. O or S. An even 
more preferred embodiment are compounds of Formula 1 wherein R, is CF 3 . R 2 is CH 3 
and X is NH. O or S. The most preferred compound is the compound of Formula I wherein 
R, is CF 3 . R 2 is CH 3 and X is NH. 

20 An object of the invention is to provide compounds for therapeutic use. especially 

compounds having a therapeutic activity in the central nervous system. Another object is 
to provide compounds having an effect on receptors (DA (D1-D4). ol. muscarinic (M1- 
M4) and 5-HT (5-HT2A. 5-HT2C and 5-HT7)) in mammals including man. 

25 Processes for preparation of these compounds, their pharmaceutical use and 

pharmaceutical preparations employing such compounds constitute further aspects of the 
invention. 
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ngtailftd Descrip tion of the Invention 

In appropriate situations, the proper stereochemistry is represented in the structural 
schemes. 

As used herein the term (C„-C m ) is inclusive such that a compound of (C r C 8 ) would 
35 include compounds of one to 8 carbons and their isomeric forms. The various carbon 
moieties are defined as follows: alkyl refers to an aliphatic hydrocarbon radical and 
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includes branched or unbranched forms such as methyl, ethyl, n-propyl. isopropyl. n-butyl. 
isobutyl, sec-butyl, t-butyl, n-pentyl. isopentyl, neo-pentyl, n-hexyl, isohexyl, n-heptyl, 
isoheptyl, and n-octyl. 

5 Alkenyl refers to a radical of an aliphatic unsaturated hydrocarbon having a double bond 
and includes both branched and unbranched forms such as ethenyl, 1 -methyl- 1-ethenyl, 1- 
propenyl. 2-propenyl, 1-butenyl, 2-butenyl. 3-butenyl, 2-methyl-l-butenyl, l-pentenyl, 2- 
pentenyl, 3-pentenyl. 4-pentenyl, 1 -methyl-4-pentenyl, 3-methyl-1-pentenyl. 3-methyl-2- 
pentenyl. 1-hexenyt. 2-hexenyl. 3-hexenyl , 4-hexenyl, 1 -methyl-4-hexenyl, 3-methyl-1- 

w hexenyl, 3-methyl-2-hexenyl, 1-heptenyl. 2-heptenyl, 3-heptenyl, 4-heptenyl, 1-methyl-4- 
heptenyl, 3-methyM -heptenyl. 3-methyl-2-heptenyl. 1-octenyl, 2-octenyl or 3-octenyl. 
Cycloalkyl refers to a radical of a saturated cyclic hydrocarbon such as cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl. -Halogen" means fluorine, 
chlorine, bromine or iodine, preferably fluorine. 

15 

It will be apparent to those skilled in the art that compounds of this invention may contain 
chiral centers (e. g. R 1 and/or R 2 ). The scope of this invention includes all enantiomeric or 
diastereomeric forms of Formula 1 compounds, either in pure form or as mixtures of 
enantiomers or diastereomers. The compounds of Formula 1 can contain one asymmetric 
20 carbon atom in the ring system (when X = SO). The therapeutic properties of the 
compounds may to a greater or lesser degree depend on the stereochemistry of a 
particular compound. Pure enantiomers, as well as enantiomeric or diastereomeric 
mixtures, are within the scope of the invention. 

25 Both organic and inorganic acids can be employed to form non-toxic pharmaceutical^ 
acceptable acid addition salts of the compounds of this invention. Illustrative acids are 
sulfuric, nitric, phosphoric, hydrochloric, citric, acetic, lactic, tartaric, pamoic. 
methanesulfonic. ethanedisulfonic. sulfamic, succinic, cyclohexylsulfamic. fumaric. maleic 
and benzoic acid. These salts are readily prepared by methods known in the art. 
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The compounds of this invention may be obtained by one of the following methods 
described below, as outlined in the appropriate charts. 

In clinical practice the compounds of the present invention will normally be administered 
35 orally, rectally or by injection, in the form of pharmaceutical preparations comprising the 
active ingredient either as a free base or as a pharmaceutical acceptable non-toxic, acid 
addition salt, such as the hydrochloride, lactate, acetate, methanesulfonate, sulfamate 
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